The South Downs Area of Outstanding Natural Beauty, UK, is an internationally and nationally important landscape, which contains a signi®cant proportion (28%) of the southeast of England's calcareous grassland resource. The traditional calcareous grassland habitats characteristic of the downland landscape have suffered signi®cant losses since the Second World War, and the remaining sites are small, fragmented and con®ned to the more marginal areas, often steeper slopes. The re-creation and restoration of these species rich grasslands has become a central aim of national and regional conservation organisations, however, the methods and mechanism by which restoration sites could be identi®ed has not been clari®ed. The purpose of this work was to study the landscape characteristics of the calcareous grassland systems, and by use of GIS-based modelling approaches identify those sites on the downland most suited to the re-establishment and expansion of calcareous grasslands. Using a weighted scoring approach, a GIS-based Habitat Suitability Model is developed for use as a tool to support strategic landscape evaluation and to provide a method of identifying sites for targeted restoration. The approach models the relationship between speci®c grassland communities and topographic variables, and is applied to the South Downs landscape in order to predict the nature of grassland communities likely to result from restoration efforts at speci®c sites.
Introduction
This paper seeks to examine the potential for restoration of calcareous grassland on the South Downs landscape (Figure 1 ). The nationally and internationally important natural and semi-natural ecosystems present on the South Downs, UK, are regarded as extensively fragmented and subject to permanent loss (Bacon, 1990; Keymer and Leach, 1990; Morris et al., 1997) . Signi®cant changes in the patterns of land use have occurred on the South Downs in recent years, and a general trend towards intensi®ed agricultural practices has been documented (Burnside et al., 1998b; Burnside, 2000) . The limited extent and recent rate of loss of grassland on the South Downs has increased interest in its preservation at both the local and national level (Sussex Downs Conservation Board, 1996a; UK Biodiversity Group, 1998; Belden, 2000) .
Recent estimates suggest that the calcareous grassland occupies some 1500 ha in the county of East Hampshire and 2500 in the counties of East and West Sussex. This constitutes around 3% of the land area of the South Downs landscape (Burnside et al., 1998a; Belden, 2000) . Other work on the South Downs has shown that losses to calcareous grassland upwards of 30% have occurred in recent decades (Burnside et al., 1998b) .
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to maintain and enhance biodiversity, identi®es lowland calcareous grassland systems as one of its 15 target habitat groups. The Action Plan aims to maintain and enhance calcareous grassland in all parts of the UK where it occurs, restore degraded calcareous grassland, and link small, vulnerable or fragmented sites to allow plant and animal dispersal and facilitate sustainable grazing management (UK Biodiversity Group, 1998) . More locally, the Sussex Wildlife Trust (SWT) suggest that to counteract recent losses, new permanent chalk grassland should be re-created on existing arable land or temporary leys to cover at least 10% of the South Downs (Sussex Wildlife Trust, 1995) . More recently, the Sussex and East Hampshire Chalk Grassland Biodiversity Working Group (CGBWG) set ten-year objectives that seek to re-establish an additional 1000 hectares of lowland grassland of wildlife value in an attempt to arrest the depletion of calcareous grassland on the South Downs (Burnside, 2000; Belden, 2000) . English Nature (EN), in collaboration with the Countryside Agency (CA) and Sussex Downs Conservation Board (SDCB) are seeking to increase the nature conservation value and calcareous grassland resource of the South Downs landscape through the development of a landscape enhancement scheme. To achieve these objectives EN and SDCB recognise that detailed and accurate information on the restoration potential of the South Downs landscape is needed. The issue of calcareous grassland restoration is addressed within this paper, and attempts are made to identify sites that would be suitable for calcareous grassland restoration.
Restoration of calcareous grassland on the South Downs
The South Downs is a Cretaceous chalk outcrop with a north-facing escarpment. The landscape extends from Eastbourne in East Sussex where it is heavily dissected through to a broader plateau landscape around Winchester in East Hampshire. The chalk downland is underlain almost entirely by Middle and Upper Chalk (CaCO 3 ). Harder beds of Chalk and Melbourn Rock resist erosion, creating higher areas and the distinctive northern scarp (Bristow et al., 1998) . The calcareous grasslands of the Downs occur mainly on thin, well-drained, nutrient poor soils which are characteristic of the steeper slopes (Rorison, 1990) . The calcareous grasslands of the South Downs have been the subject of comprehensive botanical survey and classi®cation, the results of which provide a research base for landscape scale vegetational analysis. In the National Vegetation Classi®cation (NVC) Rodwell (1990; characterised 14 distinct communities of calcareous grassland in the UK and linked these communities to environmental characteristics such as climate, soil, and management (all of which are in¯uenced by topography and physiographic features). The NVC calcareous grassland communities CG2, CG3, CG4 and CG5 are present on the South Downs chalk outcrop (Table 1 ). In the calcareous regions of southern Britain CG2 Festuca ovina ± Avenula pratensis grassland is the most widespread, due in part to its association with freely draining, calcium rich and oligotrophic rendziniform soils (Rodwell, 1990) . The botanical characteristics of these communities are summarised in Table 1. The calcareous grasslands of the South Downs are easily damaged and lost, and regeneration programs are particularly complex (Wells, 1990) . The potential for natural recovery of calcareous grassland habitats principally depends upon a combination of nearby seed sources, soil of low nutrient status, and appropriate grazing management (Bobbink and Willems, 1993; Stevenson et al., 1995; Hutchings and Booth, 1996a) . Dutoit and Alard (1995) stress that the re-colonisation potentials from source to target areas and dispersal constraints are the critical factors within calcareous grassland restoration programs. Burnside et al. (1998a) have shown that the remaining unimproved calcareous grasslands on the South Downs are signi®cantly fragmented ( Figure 2 ). Diamond (1989) has shown that, in many cases, human-induced habitat fragmentation is the principle agent responsible for reduced connectivity and decreases in community/species diversity. As an area of habitat becomes more isolated it is less able to maintain or recover species diversity after a catastrophic event (Keymer and Leach, 1990) . It is important, therefore, to consider the effectiveness and sustainability of any proposed and newly created grassland areas. Regeneration programs operating on the South Downs should not only look at increasing the overall grassland area, but also aim to create more stable and sustainable grassland systems and communities, by promoting landscape connectivity. Analysis of relationships between grassland communities, landscape position and management provide a methodology to identify those sites particularly suited for calcareous grassland restoration .
Methods: a habitat suitability model for grassland restoration
The development of the Habitat Suitability Model (HSM) involved four fundamental steps; (i) model construction and determination of the topographic relationships; (ii) sensitivity analysis; (iii) validation and testing of the robustness of the model; and (iv) the application of the model to the South Downs landscape.
Model construction and topographic relationships
The modelling approach used attempts to identify those areas of the South Downs, currently managed as permanent grassland, which are capable of sustaining calcareous grassland communities. Established techniques for spatial analysis and suitability modelling were applied (Davis and Goetz, 1990; Hall et al., 1992; McGarigil and Marks, 1994; Russell et al., 1997; Store and Kangas, 2001 ) to analyse the spatial characteristics of existing calcareous grassland communities and topography within a sample region of the South Downs (OS UK National Grid Square TQ20). Phase 1 habitat survey records from 1991/1992 derived from aerial photography and ®eld survey and OS UK LandForm PANORAMA data were used as baseline data for incorporation within the GIS development and data analysis.
HSM techniques and fuzzy-set approaches were used to establish clear relationships between the occurrence of particular grassland types and topography. These relationships were then employed to identify particular sites for targeted grassland restoration within areas designated under the Environmentally Sensitive Area (ESA) scheme. The HSM framework was formulated using a representative sample region of the South Downs, OS UK National Grid Square TQ20. Analysis of the sample region incorporated data from an area of around 1500 hectares of permanent grassland. Each grassland patch was internally divided, and each sub-patch assigned a single value for elevation, slope, aspect, soil type, and NVC community type.
Individual permanent grassland sites were analysed in the context of their topographic location. Principal Component Analysis (PCA) was applied to the data sets to identify and assess the predictive abilities of those environmental characteristics (elevation, slope, and aspect) associated with NVC community types (CG2, CG3, CG4, CG5). The environmental parameters were given weighted scores based upon the topographic and vegetational relationships identi®ed within the sample region and their correlation with either calcareous (CG) or mesotrophic (MG) grassland communities. Environmental parameters identi®ed in the PCA have predictive value and were used to construct site scores. Highly suitable scores of 7±8 were allocated to those sites best suited to the establishment and maintenance of calcareous grassland. Scores in the range of 5±6 were associated with sites considered moderately suited. Marginal sites were allocated scores of 3±4, and scores of 1±2 were assigned to those sites identi®ed as wholly unsuitable for the establishment and maintenance of calcareous grassland (Table 2) .
This approach to scoring has been extensively applied (Donovan et al., 1987; Hall et al., 1992) and has proved to be robust and reliable (Russell et al., 1997; Store and Kangas, 2001 ).
Habitat suitability modelling
The relationships and associations observed between topography and grassland vegetation, identi®ed within the constructional phase of the model, were then applied within a HSM framework. All land currently within the ESA scheme on the South Downs was screened to identify those locations that exhibited the appropriate environmental and topographical characteristics for chalk grassland using the HSM algorithm ( Figure 3 ). Individual sites were identi®ed within the ESA scheme, which if targeted for reversion to grassland and traditionally managed, were likely to produce and sustain calcareous grassland communities. Modelled score values were generated using the algorithm in Figure 3 .
The modelled calcareous grassland GIS layer was processed to remove those sites with an area below 0Á5 ha and above a connectivity threshold of 200 m between similar sites. The area restriction was applied due to the coarse nature of the environmental data used in the modelling procedure. As an example, the original DTM was represented on a 50 metre grid basis and thus only accurate at this scale. The connectivity related restriction of 200 metres was derived from work on the signi®cance of connectivity on calcareous grassland connectivity (Gibson and Browne, 1991; Institute of Terrestrial Ecology, 1998 ). The ®nal layer was then`cleaned' to eliminate all those sites, which did not relate to soil associations incorporating well-drained, low nutrient status soils (Avery, 1990) .
Sensitivity analysis and validation
In an attempt to test the strength of the relationship between¯oristic and vegetation community data and topographical data, and thus assist in the formulation of the correct HSM algorithm, the HSM was subject to an independent process of sensitivity analysis'. The modelled sample region was examined repeatedly, with added emphasis (weighting) placed upon each topographical parameter in turn. The outcome of the modelling run was then compared with actual observed data. The HSM proved to be robust, and weights given to the environmental factors were appropriate.
The HSM's ability to predict actual survey data was also assessed within the modelling process. The model and parameters (i.e. relationship weightings) were constructed based upon a series of strati®ed random samples. The resulting modelled relationships were applied to the remaining unsampled patches. This validation involved a process whereby Scores were allocated to environmental variables in accordance with their association with the remaining calcareous grassland communities present on the South Downs. the`modelled' habitat suitability values generated through the fuzzy-set approach were re-worked on the sample region of OS UK National Grid Square TQ20. Strati®ed random samples of 5, 10, 15, 20, 25 and 30 individual grassland sites were selected from the sample region and the analysis was run to construct the model. The success of each run was assessed by calculating the percentage similarity (Waite, 2000) between the predicted and observed landscape community data. Validation values of over 80% similarity were obtained, indicating that the methodological approach was again robust and ef®cient.
Results

Model construction and topographic relationships
Calcareous grassland classes comprised 65Á2% of all grassland sites examined, with mesotrophic communities occupying a further 34Á8%. Acidic grasslands contributed less than 0Á1% of the total grassland. Table 3 shows that the proportional area calculations identi®ed CG2 and other calcareous grassland assemblages as being the predominant communities on low to moderate elevation sites (6±168 m), with steep gradients (10 ±31 ), and west to northeast aspects. Grassland types MG6, and other mesotrophic communities, are predominant at sites of high elevation (169±245 m), low gradient (0 ±10 ), and southern aspect (Figure 4) . The topography of the area is dominated by land between 61±195 m elevations (83Á7%), with a slope gradient range between 3Á5 ±24Á6 (88Á7%). The predominant slope aspect is from east, through north, to west (77Á2%). When NVC communities are grouped (CGall, MGall, Uall), the same pattern of relationships is clearly evident (Table 3) .
Grassland patches with low slope gradients are predominantly occupied by mesotrophic communities, but with an increase in gradient, a transition is observed to the calcareous communities. The analysis of NVC against aspect identi®es CG2 and other calcitrophic communities as predominant in sites of Table 3 . Proportional areas of NVC grassland communities in the TQ20 sample region, according to elevation, slope and aspect
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Principal Component Analysis (PCA) was used to analyse the strength of relationship between elevation, slope, aspect and vegetation type. The ordination plot ( Figure 5 ) represents the variation between plant communities with respect to landscape position. The plot suggests a clear association between the NVC communities and landscape position. CG2 and MG6 community types are the outliers, suggesting a strong association for particular or distinct landscape conditions. In contrast, MG1, MG5, CG5, and U4 classes are clustered together. Where these grassland communities occur in the same locality, transitionary or mosaic communities are likely to be evident.
Two gradients are apparent, CG2, CG3, CG4, and CG5 are well separated along the ®rst principal component, which accounts for 67Á1% (eigenvalue 17Á447) of the variation associated with the data set. A secondary gradient is also evident from U4 to MG6 along the second principal component, which accounts for 24Á2% (eigenvalue6Á296) of the variation in the data set. Together the two components account for 91Á3% of the variation.
The analysis suggests that areas of low-to midrange elevation, with steep slopes and a northerly exposure, and on rendzina soils should be targeted for calcareous grassland restoration. Areas which were characterised by some combination of high elevation, moderate to low slopes, southerly aspects and deeper unsuitable soils were identi®ed as largely unsuitable for calcareous grassland and would be occupied by mesotrophic communities and some transitional calcareous communities.
Applications of the HSM produced a projected landscape with a substantial increase in the area of all grassland types, including those speci®c to the calcareous communities. With the inclusion of the land now under ESA tier agreements the total or potential area of permanent grassland on the South Downs rose from around 5623 hectares to 15835, an increase of 65% in the total area of permanent grassland.
The model identi®ed 4700 hectares of grassland that have similar environmental and topographical characteristics to existing calcareous grassland. When using high fuzzy-set scores (7±8), the potential calcareous grassland identi®ed increased from 4148 hectares to 4659 hectares. This represents an approximate increase of 10% above the present extent of calcareous grassland (Figure 6 ). The application of the model using moderate suitable fuzzy-set scores (5±6) and high fuzzy-set scores (7±8) in combination, further increased the projected area of calcareous grassland to 8853 hectares, a substantial increase of around 50% to the existing resource. Mesotrophic communities, other transitional communities and improved pasture account for the remaining 6982 hectares of the modelled landscape ( Figure 6 ).
Fragmentation statistics
Comparison between the structure and fragmentation statistics for the 1991/1992 surveyed data and the predicted fuzzy-sets 5±6 and 7±9 (moderately suitable and highly suitable combined) modelled calcareous grassland patches identi®es clear distinctions between the two (Table 4) . The forecast shows an increase in the extent and spatial distribution of the projected calcareous grassland habitats on the South Downs. The mean patch shape calculations (calculated for both images on a raster basis) suggest that the calcareous habitats would become more uniform (patch shapes would become more square or circular), with index values dropping from 1Á7 (1991/1992) to 1Á5 (modelled). Secondly, the diminishing mean patch fractal dimension value also suggests a transition towards more uniform patch shapes with values falling from 1Á08 to 1Á06 (Table 4) , but the signi®cance of this may be questionable (see Dramstad et al., 1998) .
It is interesting to note that the mean area drops, whilst the number of patches within the landscape is trebled (Table 4 ). This suggests that the predicted landscape would contain a number of new relatively small patches (highly and moderately suitable), rather than larger homogeneous tracts of calcareous grassland. The results suggest that the calcareous grassland patches would become more widespread within the landscape, thus increasing landscape heterogeneity, and producing a more sustainable grassland mosaic of patches within 200 metres of each other. The total core area i.e. the patch area in hectares with a central nucleus more than 50 m from the patch edge increased from 1510 ha (1991/ 1992) to 2723 ha (modelled), and the number of core areas grew signi®cantly from 399 to 924. The reduction in the mean nearest neighbour distance (NND) between patches from the 1991/ 1992 landscape to the newly modelled landscape was also encouraging (Table 4) . The 1991/1992 distribution of calcareous grassland showed a NND value of 236 (+324Á9) metres, which drops to 202 (+395Á6) metres in the modelled landscape. Calculations of patch density values (number of patches per 100 ha), 11Á1 (1991/1992) and 19Á5 (modelled) support the nearest neighbour analysis by showing an improvement in density and connectivity (200 metres) within the modelled landscape.
Discussion
Using a GIS approach and landscape ecological perspective this analysis has identi®ed and prioritised speci®c areas of the South Downs for selective restoration of calcareous grassland. The approach emphasises the importance of both physical and biological constraints on the effectiveness of restoration programmes, and has attempted to provide a rationale to target agricultural support programmes to achieve practical and sustainable outcomes.
The HSM approach used showed a strong association between the unimproved calcareous grassland communities and topographic parameters on the South Downs. Resampling values of around 80% (for moderately and highly suitable land score values ! 5) suggests that the model can effectively predict where calcareous grassland communities exist or could be created. This relatively high level of accuracy is achieved despite the inaccuracies associated with the coarse resolution of the DTM. Problems of model accuracy appear to relate to zones of transition between the mesotrophic and calcareous grassland habitats within the landscape. The graphs (Figure 4) suggest that the main dif®-culty lies in determining the point at which mesotrophic grasslands take over from the calcareous grasslands, and how this can be best represented within the model. The issue of whether to include transitionary communities (for example CG2/MG5) within the mesotrophic or calcareous category further complicates this effect. Davis and Goetz (1990) and Store and Kangas (2001) caution that there is a trade-off between model complexity (both variables and operations) and model applicability and reliability. Donovan et al. (1987) , suggest that generalising information within the GIS is necessary for most, if not all, GIS based habitat modelling due to the costs associated with increased complexity. Cost and complexity are important issues on the Downs with both regional and local conservation organisations requiring a quick and effective means by which habitat restoration programmes can be targeted. As discussed by Burrough and McDonnell (1998) and Davis and Goetz (1990) , landscape simulation used in this way, presents a`fuzzy' representation of the topographical and environmental characteristics associated with distinct grassland communities. The ®nal modelled data layer describes the environmental characteristics and approximate location of the suitable sites and habitat patches.
The HSM and fuzzy-set approach used here could bene®t from the inclusion of additional data layers, which describe previous and contemporary management. There is widespread agreement that the management and`land use' that areas had, and continue to receive, signi®cantly affect the outcome and success of restoration programmes in calcareous grassland systems (Hutchings and Booth, 1996a; Muller et al., 1998) . The approach adopted does, however, present an initial means of identifying the most favourable sites for the expansion and enhancement of calcareous grassland, through the selective clearance of scrub, more appropriate management and targeted arable reversion (all achievable through the ESA scheme). The fragmentation statistics calculated for the existing calcareous grassland habitats and the modelled data layers show that those sites identi®ed within the modelling process as moderately and highly suitable have the potential to alter signi®cantly the structure (physiognomy and pattern) of the calcareous grassland resource on the South Downs. If the sites were restored to calcareous grassland communities there would be a marked increase in core area sizes. The accompanying decrease in calcareous grassland inter-patch distances would result in inter-patch distances within those connectivity limits identi®ed as appropriate by the Institute of Terrestrial Ecology (1998). Restoration at this scale would re-create suf®cient calcareous grassland on the South Downs to meet the targets of the SWT, CGBWG and other downland organisations.
It is, however, important to note that calcareous grassland restoration on abandoned grazing land or former arable land can be problematic (Muller et al., 1998) . Many authors have stressed the importance of a combination of factors associated with grassland conversion but generally the degree of alteration and the duration appear pivotal. It is very apparent from the literature that re-establishment from the soil seed bank alone is limited (Graham and Hutchings, 1988; Bakker et al., 1991; Dutoit and Alard, 1995; Davis and Waite, 1998) , and the studies highlight the importance of neighbouring seed sources and related issues of connectivity (Gibson and Browne, 1991; Hutchings and Booth, 1996a,b) . Gibson and Browne (1991) suggest that following initial colonisation further progress is dependent upon life history traits, grazing management and time. The key processes appear to include gap formation, regeneration niches, reproductive rates and demography patterns. Rorison (1991) and Clarke (1997) single out the importance of environmental and soil properties on restoration success. A number of studies have shown the effects of topographic location on the resultant species mix, and suggest that south facing slopes often maintain the most diverse mix of species (Sussex Wildlife Trust, 1993; Rose, 1995; Sussex Wildlife Trust, 1995; Sussex Downs Conservation Board, 1996b) .
The methodology has attempted to incorporate general principles of metapopulation theory (Harrison and Bruna, 1999) and explicitly identi®ed those sites on the Downs, which will improve the natural dynamics of the grassland system. The model sought to improve the connectivity and nearest neighbour distances between the calcareous grassland fragments by linking existing patches and creating`stepping stones' between isolated and separated calcareous grassland patches. The home-range requirements and dispersal/ connectivity potentials vary signi®cantly both within and between the¯ora and fauna of calcareous grassland systems (Burnside et al., unpublished) . Therefore, as a general approach, the baseline characteristics and requirements need to be drawn from research centred upon the calcareous grassland matrix itself.
The model disregarded sites which were outside the predetermined connectivity limits of around 200 metres. This approach was in accordance with work by Gibson and Browne (1991) and ITE (1998) which suggests that restoration programmes and the development of calcareous grassland is more likely to succeed if there is a suitable seed bank and a pool of appropriate species found in adjacent habitats. As discussed earlier, much research into calcareous grassland restoration, ecology and dispersal suggests that calcareous grassland development is dependent upon adjacent seed sources (Gibson and Browne, 1991; Hutchings and Booth, 1996a,b) . However, restoration efforts, which focused solely upon adjacent sites would fall drastically short of the restoration and management aims (an increase in grassland extent to cover 10% of the Downs±Sussex Wildlife Trust, 1995). Hutchings and Booth (1996a) conclude that if calcicolous vegetation is to be established in an acceptable length of time, interventionist management must be integrated in any restoration efforts. Preliminary observations undertaken within this study and others done by BERG (Burnside, 2000; Burnside et al., 2001 ) into restoration efforts restricted to adjacent sites, suggest that though new adjacent patches would be created, the re-establishment would do little to alter the landscape-scale metapopulation dynamics of the grassland resource. In some cases, it would appear that such restrictive restoration efforts would establish unsustainable calcareous grassland patches. Therefore, interventionist management would be considered as fundamental to the success of sustainable restoration on the South Downs. It is interesting to note that the maps of the 1991/1992 Phase 1 data and HSM ( Figure 6 ) show that the majority of suitable sites identi®ed are between, or neighbouring, existing sites. This is, in part, a function of the spatial autocorrelation of the environmental variables.
The modelling procedure used a minimum patch size of 0Á5 ha. This was for two reasons. Firstly, the resolution of the DTM data (50 m) would not adequately support a ®ner scale, and secondly, any new areas created by restoration programmes, which were below this size, may be uneconomical and dif®cult to manage by grazing. Appropriate management is essential to the development, maintenance and longevity of any calcareous grassland restoration efforts (Hutching and Booth, 1996a) .
The model identi®ed only rendzina soils and calcareous brown earths as suitable for calcareous grassland restoration. Studies of calcareous grassland development by Gibson and Browne (1991) and Graham and Hutchings (1988) identify the importance of soil for calcareous grassland re-establishment. Their observations show that, irrespective of the time and management, speciesrich calcareous grassland will not develop on unsuitable soil. Furthermore, Rorison (1991) emphasised the importance of nutrient availability and pH with respect to species composition within calcareous grassland. Thus, thin soils with low nutrient levels were identi®ed as essential for calcareous grassland, and were perceived as a principal agent in the development of species-rich assemblages (Sussex Wildlife Trust, 1993; Sussex Downs Conservation Board, 1996a; .
Conclusions
At present chalk grassland restoration on the South Downs is strongly dependent upon the ESA scheme. Issues relating to lack of precise targeting, and the voluntary nature of the scheme have been addressed in other work (Webster and Felton, 1993; Froud, 1994; Wilson, 1996; Burnside, 2000) , and it appears that the scheme is unlikely to achieve the stated aims and objectives of the Sussex Wildlife Trust (1995) and the Sussex Downs Conservation Board (1996a). Work by Russell et al. (1997) on the selection of sites for wetland restoration suggests that if restoration programmes are to succeed, then a coherent and consistent methodology for site selection that considers the biological and physical properties of potential sites may provide a greater degree of success. This approach has been used here to identify the environmental characteristics of the calcareous grassland resource at a community level and to determine a methodology for identifying the optimum location for targeting calcareous grassland restoration or re-creation on the South Downs.
This study has shown that GIS has the ability to identify those areas of the landscape which, if returned to traditional grazing management, have the potential to maximise and enhance the conservation value of the South Downs AONB. Furthermore, it provides an initial modelling methodology and GIS database within which species dynamics and biodiversity patterns could be investigated and simulated.
The modelling suggests that a signi®cant increase of about 50% in the area of calcareous grassland could be achieved. An increase in the amount of calcareous grassland, from around 4200 to 8800 hectares, would result in grassland occupying 10% of the chalk downland landscape. Therefore, the model suggests that the 10% aims of SWT, SDCB and CGBWG are feasible.
